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This paper investigates the evolution of labor income inequality in Colombia in 
the  period  1978-98.  Main  findings  are  the  secular  fall  of  the  returns  to 
intermediate skill and the increases of wages for highly educated people and for 
women. Such changes are associated with shifts of the skill composition of the 
labor  force  and  with  skill  biased  technical  change,  rather  than  with increased 
openness of the economy.  The paper uses a skill supply and demand framework 
to arrive to these conclusions, and also a non-parametric decomposition exercise 
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DESIGUALDAD DE INGRESO, EDUCACIÓN Y COMERCIO: 





Este documento analiza la evolución de la desigualdad en los ingresos laborales 
en Colombia  para el  período  1978-1998. Los principales resultados muestran 
una  caída  permanente  en  los  retornos  de  los  trabajadores  con  educación 
intermedia y un incremento en los salarios de las mujeres y de la población más 
calificada. Estos cambios no están asociados con la mayor apertura económica, 
sino con los cambios en la composición educativa de la fuerza laboral y con el 
sesgo  salarial  entre  trabajadores  calificados  y  no  calificados  generado  por 
cambios tecnológicos. Se utilizó la oferta y demanda por nivel de calificación y 
un ejercicio de descomposición no paramétrica. 
 
Palabras  clave:  Calificación  de  la  mano  de  obra,  desigualdad  salarial,  semi-
paramétrico. 
 
Clasificación JEL:  J23, J31, C14.  
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INTRODUCTION 
 
The purpose of this paper is to provide explanations for the increase of 
labor income inequality observed in Colombia during the final part of the 20
th 
century. For this purpose, the paper first tries to isolate clearly what are the facts 
to be explained and then, within the framework of the classical theory of the labor 
market,  to  provide  explanations  that  effectively  address  those  issues  and  are 
consistent with the data. 
 
The  starting  point  is  the  widely  recognized  fact  that  income  inequality 
increased  during  the  90s  and  the  later  part  of  the  80s,  reversing  the 
achievements  of  previous  decades.  Since  this  development  coincided  with  a 
structural reform process, many analysts conclude that the latter generated the 
former. However, there is no strong empirical evidence to support such view. The 
evidence  of  the  relation  between  increases  in  inequality  and  poverty  and  the 
reforms is weak, for many of the changes in relative earnings can be explained 
solely by the interaction of supply and demand for different skill levels, combined 
with  skill  biased  technical  change.  Additionally,  the  timing  of  the  inequality 
increase and the structural reforms is not so coincident as it seems. 
 
This  paper  uses  two  frameworks  to  investigate  those  issues.  First,  a 
partial equilibrium model of the labor market is presented to study developments 
related  to  the  distribution  of  labor  earnings  of  a  homogeneous  sample  of 
individuals.  This  framework  is  then  enhanced  to  include  the  possibility  of 
technical  change  in  the  production  technology.  Second,  it  investigates  the   3 
relationship between income and several demographical, skill and labor market 
factors using semi-parametric techniques that permit us to draw conclusions on 
how those factors have affected the dynamics of labor income inequality.  
 
The  microeconomic  model  used  in  the  first  part  provides  a  compact 
explanation for most of the changes, except for the rise in earnings of female 
workers.  Indeed,  supply  and  demand  for  skill  fully  explained  the  behavior  of 
earnings for all skill groups, but the highest one. To account for the increase in 
earnings of this group, we extended the model to permit different factors to be 
affected in diverse ways by technical change. The results show that changes in 
relative net supplies, combined with an almost constant rate of increase in the 
skill bias of technology towards highly educated workers explain the rise in their 
relative earnings. International trade was shown to exert an equalizing effect on 
the overall distribution of earnings, for the trade-induced demand shifts increased 
demand for less skilled workers relative to that for more skilled individuals. The 
semiparametric decomposition exercises carried out in the second part support 
the above conclusions.  
 
An important policy lesson extracted from the analysis is that educational 
policies  should  concentrate  in  enhancing  access  to  tertiary  education  for  the 
entire population. Indeed, after the huge educational effort made by the country 
in  the  70s  and  80s  (which,  for  example,  doubled  the  average  educational 
attainment of the population) demand for skill increased rapidly after 1984, while 
its supply did not grow fast enough. Supply of intermediate skill, on the other   4 
hand, kept growing fast during the last 30 years. The result was a consistent 
deterioration of relative earnings of people with intermediate skill.  
 
In Section I of the paper we discuss the changes in the distribution of labor 
earnings  and  provide  explanations  for  these  changes  using  a  supply-demand 
framework.  In  Section  II,  semiparametric  techniques  are  used  to  isolate  the 
effects that several covariates have on the changes of the distribution of labor 
income. Finally, in Section III, conclusions are drawn.  
 
SUPPLY AND DEMAND FOR DIFFERENT SKILL LEVELS
1 
 
Methodology:  The  data  come  from  the  “Encuesta  Nacional  de  Hogares” 
(National  Household  Survey-ENH)  carried  out  by  the  National  Department  of 
Statistics,  which  contains  information  from  the  13  largest  cities.  The  survey 
collects information on general attributes of the population (gender, age); and 
education  and  labor  market  variables  for  the  population  aged  12  or  more 
(employment,  occupation,  income).  We  worked  with  the  surveys  of  June/78, 
September/88,  December/91,  September/94,  96  and  98.  The  two  main  goals 
were  (i)  to  construct  a  stable  sample  over  time  in  terms  of  labor  market 
attachment;  and  (ii)  to  extract  information  that  allows  an  investigation  of  the 
distribution of labor earnings from a perspective emphasizing supply and demand 
for different skill levels. Thus, several adjustments were made to the data. 
 
                                                 
1 This section draws from Katz and Murphy, 1992 (KM hereafter), Bound and Johnson (1992), and Murphy, 
Riddell and Romer (1998).   5 
To guarantee full comparability over time, the sample was restricted to the 
seven  cities  that  were  present  in  all  surveys  (account  for  60%  of  the  urban 
population  and  are  very  heterogeneous),  and  observations  were  discarded 
according to the following criteria. First, the inactive and unemployed. Second, 
the  employed  reporting  earnings  of  zero  or  not  reporting  them.  Third, 
observations for which the variables education, age, gender, sector of economic 
activity and occupation were missing or outside the coding provided by DANE. 
Finally,  all  workers  that  reported  working  less  than  20  hours  a  week  were 
deleted. After these adjustments, the size of the weighted samples ranged from 
3’400.000 workers in 1978 to 5’400.000 in 1998. The measure of earnings used 
is the  monthly  sum  of labor  and  self-employment incomes. Finally,  the  trade, 
GDP and price data come from the annual bulletin published by DANE, while the 
exchange  rate  information  comes  from  the  magazine  made  available  by  the 
Central  Bank.  The  sample  was  divided  into  different  skill  levels  (cells).  The 
proxies used for skill are education, potential experience and gender. Education 
is  measured  in  years,  and  experience  was  constructed  as  exp=min[(age-
education-7), (age-12)], where age is as at the time of the survey. There are 48 
cells: 2 genders, 6 educational groups and 4 experience groups
2.  
 
The relative labor supply provided by each cell (si) was estimated as the 
ratio of the number of workers in the cell to the total number of observations. The 
average supply for the 1978-98 period was computed for each cell. This quantity 
is the fixed weight used to compute earnings for more aggregated groups, such 
                                                 
2 The educational categories are uneducated, primary (1-5 years), high school dropouts (6-10), high school 
(11), some college (12-15) and college or more (16 or more years). The experience groups are 0-5 years, 6-
10, 11-24 and 25 or more years.   6 
as educational or gender groups. Thus, earnings for those groups are calculated 
using a fixed weight aggregation procedure, according to the following equations. 
The fixed weight fi for cell i, i=1,…,48 is defined as 
￿ ￿ = = =
i i
t it
i f with t
T
s
f 1 ,..... 79 , 1978  
where T is the total number of years. Earnings for the more aggregated group j in 










Earnings computed in this fashion correspond to a fixed skill composition 
of the population. This prevents us from confounding pure earnings movements 
with changes in the composition of the labor force that may influence earnings 
behavior. The trade variable is the ratio of net imports to GDP for the 23 two-digit 
sectors included in the ENHs. Each observation was then assigned an import 
coefficient based on its sector of employment.  
 
Evidence: We start with the earnings distribution between skill categories. 
Table 1 and Figure 1 show the changes in earnings for different skill groups, both 
absolute (percentage change of mean income) and fixed weight, as described 
above. The difference between the two is the fraction of the changes caused by 
shifts in the skill composition of the labor force
3.  
 
                                                 
3 The educational categories were further aggregated into three levels for presentational clarity: low (non 
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Figure 1: Change in Earnings for Aggregate Education Groups – Fixed Weight 
 
 
The evidence clearly points to a deterioration of the relative earnings of 
the intermediate group. The gains for the low and intermediate categories came 
before  the  90s,  while  the  highly  educated  lost  over  that  period  but  gained 
disproportionately in the final decade. Fixed weight changes were large among 
the low and high education groups for the entire period (17.5 and 14.4%), and 
negative for the intermediate category (-3.9%). The absolute and fixed weight 
changes are very similar for the low education group, and different for the other 
two categories. In the case of the intermediate one the fixed weight is lower than 
the absolute, while the opposite is true for the highly educated, suggesting that 
the  supply  of  intermediate  education  grew  too  fast  relative  to  that  of  high 
education. Table 1 also shows that the gains in fixed weight earnings were higher 
for women than men in every category, especially for the highly educated group 
(56%). Females with intermediate education benefited the least during the 1990s. 
The fixed weight measure among men shows the intermediate category as the 
clear loser, with a decrease of 5.7%.  
 





















Table 1: Change in Average Income for Aggregate Groups 
Groups  78-88  88-91  91-94  94-96  96-98  91-98  78-98 
  Abs.  Fw  Abs.  Fw  Abs.  Fw  Abs.  Fw  Abs.  Fw  Abs.  Fw  Abs.  Fw 
Total  31.9%  -0.8%  -4%  -8.7%  31.2%  28.6%  -7.9%  -9.2%  12.2%  -0.2%  35.5%  16.6%  71.6%  5.7% 
Men  25.7%  -2.9%  -2%  -6.7%  28.5%  27.2%  -8.4%  -9.6%  12.5%  -2.4%  32.6%  12.2%  63.3%  1.6% 
Women  36.2%  4.2%  -6.3%  -12.8%  37.5%  31.9%  -6.5%  -8.2%  12.8%  4.6%  44.9%  26.6%  84.9%  15.0 
Low  13.8%  16.9%  -6.3%  -7.4%  16.9%  17.4%  -4.8%  -6.1%  -2.7%  -1.5%  8.3%  8.5%  17.7%  17.5% 
Medium  7.5%  -0.7%  -8.9%  -10.7%  29.5%  27.6%  -12.8%  -13.7%  2.4%  -1.5%  15.6%  8.5%  13.9%  -3.8% 
High  -22.9%  -11.7%  -5.1%  -5.8%  36.7%  39.5%  -2.3%  -3.8%  3.8%  2.5%  38.7%  37.6%  7.0%  1.4% 
0-10 exp  25.5%  -3.9%  0.5%  -5.7%  24.5%  24.6%  -3.1%  -3.2%  10.9%  0.6%  33.8%  21.3%  68.9%  10.1% 
10-25  34.9%  -1.3%  -4.2%  -8.7%  33.6%  30.8%  -12.8%  -17.1%  17.0%  3.7%  36.4%  15.8%  76.2%  4.4% 
25+  26.6%  3.2%  -6.3%  -11.4%  32.8%  29.3%  -5.2%  -6.8%  4.3%  -6.7%  31.2%  13.0%  55.7%  3.2% 
Men                             
Low  16.1%  12.3%  -4.4%  -5.7%  14.0%  15.2%  -4.6%  -6.5%  -5.4%  -5.1%  3.0%  2.3%  14.2%  8.3% 
Medium  8.6%  -1.1%  -7.5%  -9.8%  26.7%  24.6%  -10.9%  -11.7%  1.6%  -3.9%  14.6%  5.7%  15.0%  -5.7% 
High  -13.6%  -15.3%  -1.3%  -1.9%  42.1%  41.1%  -8.2%  -8.6%  2.9%  1.4%  34.2%  30.8%  14.4%  8.7% 
Women                             
Low  22.7%  29.6%  -10.3%  -11.3%  22.3%  22.9%  -3.7%  -5.3%  4.9%  7.0%  23.5%  24.5%  35.8%  43.0% 
Medium  9.6%  -0.1%  -9.6%  -12.4%  34.9%  33.8%  -16.1%  -17.6%  5.6%  3.5%  19.5%  14.1%  18.5%  -0.2% 
High  -2.4%  -2.1%  -10.7%  -14.9%  36.0%  35.3%  11.7%  9.8%  4.6%  4.8%  59.0%  55.7%  38.5%  29.7% 
 
Figure  2  depicts the  evolution  of  the  fixed  weight  log  differentials  of  each category 
against college graduates. They decreased until 1988 to then increase until the 
end of the data. High-school dropouts and completers were the groups that lost 
the most. Gender differentials by education level are depicted in Figure 3, where 
there  is  a  clear  pattern  of  reduction  in  the  differential  for  every  educational 
category but the intermediate one. Changes in earnings for the three experience 
groups presented in Table 1 do not show a detectable pattern.  
 
Figure 2: Education Differentials-Fixed Weight 
 

























Figure 3: Gender Differential by Education Level-Fixed Weight 
 
 
The changes in absolute mean income for the entire sample were 71.7% 
along  1978-98  and  35.5% for  1991-98.  Looking  at fixed  weight changes,  and 
thus removing the effect of shifts of the skill distribution, we find that it reached 
5.7% for the whole period.  
 
To  study  the  evolution  of  intra-group  earnings  dispersion  we  ran  a 
regression in each year of the log of earnings on 47 dummies corresponding to 
the skill cells, experience squared, its interaction with gender and linear terms for 
years  of  education  and  experience  within  each  cell.  The  residuals  from  this 
regression capture the effect on labor income of variables unrelated to the three 
skill  dimensions  used,  which  may  be  interpreted  as  within-group  inequality. 
Residual inequality began to increase in 1988 everywhere in the distribution, and 
this  rise  continued  until  1998
4.  Furthermore,  starting  in  1996,  the  growth  in 
residual  inequality  increased  further  than  what  can  be  explained  by  gender, 
education and experience combined. Thus, not only has the relative situation of 
                                                 
4  Computations available upon request   10 
high  school  individuals  worsened,  but  also  within  this  group  differences  have 
grown.  
 
Summarizing,  we  observe  a  mixture  of  equalizing  and  unequalizing 
developments,  and  two  different  sub-periods:  1978-88  and  1988-98.  The 
equalizing developments are: (i) reduction in the differential between the least 
educated  and  the  college  educated  workers;  (ii)  improvement  of  the  relative 
position of younger entrants to the market; and (iii) earnings gains for women. 
Unequalizing events correspond to (i) worsening of the position of intermediately 
educated individuals; and (ii) gains for the more experienced workers during the 
1990s. In regards to the different periods, between 1978 and 88 we observe low 
levels of inequality between groups, while after 1988 the opposite happened due 
to the rise in earnings of the highly educated.  
 
Possible Explanations: We use a simple model that highlights the interaction of 
supply and demand for different levels of skill, in the spirit of KM. It assumes a 
concave aggregate production function for each of the J sectors that comprise 
the economy. The inputs are the different skill types of labor, indexed by i. The 




i ij ij j N a Y       (1) 
Where Yj is output in sector j, Nij is the number of individuals of skill category i 
employed  in  sector  j,  aij  is  an  unobservable  technological  parameter  for  skill 
group i in sector j, and g  is the elasticity of substitution among skill groups. The   11 
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where pj and wi stand for the price of sector j output and the competitive wage for 
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N D       (4) 
i D D  gives the weighted sum over sectors of changes in employments for skill i, 
with weights given by percentage changes in sectoral output. Thus, it measures 
the change in demand for skill group i that would take place at fixed factor and 
output prices as a result of shifts in the industrial composition of the economy. 
We implement this index proxying the sectoral change in output by the change in 




















,   (5) 
where ij m  is the average share of workers of skill group i in sector j over 
the entire period. We divide by Ni to express the change in demand relative to 
the fixed weight employment share of skill group i in the base period (Ni is the   12 
average share of skill i in total employment). All quantities in (5) are equilibrium 




The  quantity  in  (5)  corresponds  to  the  fixed  weight  manpower 
requirements  index  developed  by  Freeman  (1975,  1980),  which  tells  us  that 
inputs employed in expanding sectors will experience increased demand, while 
the demand for factors used in contracting sectors will fall. As can be seen in 
equation (3), when (5) is not computed using fixed input prices, it gives a biased 
measure  of  true  demand  shifts.  This  is  because  under  the  fixed  input  prices 
assumption skill groups that experienced real wage increases would show higher 
growth in their relative demand than the one given by (5). True demand shifts are 
generally  higher  for  skill  groups  with increasing  wages. We  try  to construct  a 
more  exact  measure  of  the  true  demand  shifts  by  noting  that  we  are  really 
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1 *       (5a) 
Thus, for elasticities smaller than one, we underestimate the true demand 
shifts for groups with rising wages. We implement the corrected measure when 
necessary  using  an  estimated  value  for  the  elasticity  that  comes  from  a 
regression specified below. Total demand for labor in skill category i is obtained 
by summing over j in both sides of equation (2) 
                                                 
5 33 industrial divisions times 5 occupations (blue and white collar, domestic employee, self-employed and 
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Taking derivatives 
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Equation (7) shows how the demand for a skill type varies with its own wage. We 
assume that the supply of workers of each skill is predetermined at each point in 
time (for example by past schooling), so the demand schedule becomes a wage 
determination equation, and shifts of the supply curve move wages accordingly
6. 
Finally, we assume full employment for each skill group 






















) 1 ( g       (9) 
According to (9) percentage changes in own wages should be negatively 
related  to  percentage  changes  in  net  supply.  Thus,  to  test  the  hypothesis  of 
whether the observed changes in earnings are fully explained by skill supply and 
demand interaction we estimate equation (9) and consider that the changes are 
explained by the model if the elasticity of substitution is less than one (i.e. if the 
regression  coefficient  is  greater  than  zero)
7.  Otherwise,  additional  factors  are 
playing  a  major  role  in  the  determination  of  earnings,  or  assumptions  of  the 
model are violated. (9) is estimated for each period using three different demand 
                                                 
6 For this system to be stable we require that the elasticity of substitution be less than one. 
7 More specifically, this test will indicate whether the observed changes in earnings are consistent with a 
model of earnings determination in which demand is negatively sloped (gamma<1) and constitutes a wage 
determination schedule, and supply is a vertical line predetermined by exogenous factors.   14 
shifts:  demand  shift  (5),  adjusted  index  (5a)  with  two  possible  values  for  g , 
chosen in an iterative manner
8. 
 
Table 2 presents the results of estimating (9) for the three scenarios, using 
weights equal to the average share of each skill group over the period. Supply 
and demand shifts explain changes in wages for the periods 1978-88 and 88-91, 
while they fall short during 1990s, especially in 1996-98. The periods for which 
the differences among estimation results using the alternative demand indices is 
greatest  are  1978-88  and  1994-96,  which  correspond to  periods  in  which the 
economy was subject to important exogenous shocks, as explained below.  
Table 2: Estimation Results Equation (9) 
  78-88  88-91  91-94  94-96  96-98 
Biased           
coeff  0.0013  0.1686  -0.1818  0.0693  -0.1533 
Elasticity  0.9987  0.8314  1.1818  0.9307  1.1533 
significance  9.5%  88.8%  73.4%  26.4%  94.6% 
R2  10%  15.8%  11.4%  10.2%  15.5% 
c.i coeff  [-0.02, 0.023]  [0.041, 0.379]  [-0.507, 0.143]  [-0.388, 0.526]  [-0.366, -0.003] 
c.i elas  [0.978, 1.019]  [0.627, 0.996]  [0.865,1.5]  [0.095, 0.789]  [1, 1.361] 
el=1-Beta1           
coeff  0.0217  0.2312  -0.4303  0.5584  -0.2035 
Elasticity  0.9783  0.7688  1.4303  0.4416  1.2035 
significance  100.0%  98.3%  96.0%  100.0%  98.1% 
R2  55.6%  21.5%  18.7%  21.8%  21.1% 
c.i coeff  [0.013, 0.03]  [0.049, 0.414]  [-0.772, - 0.089]  [0.202, 0.914]  [-0.391, -0.016] 
c.i elas  [0.967, 0.987]  [0.591, 0.947]  [1.098, 1.763]  [0.095, 0.789]  [1.02, 1.386] 
el=1-Beta2           
coeff  0.0132  0.2157  -0.2953  0.1554  -0.1932 
Elasticity  0.9868  0.7843  1.2953  0.8446  1.1932 
significance  63.9%  97.2%  82.5%  55.2%  97.0% 
R2  11.8%  19.8%  13.9%  11.2%  16.4% 
c.i coeff  [-0.017, 0.043]  [0.025, 0.406]  [-0.618, 0.027]  [-0.306, 0.617]  [0.387, -0.012] 
c.i elas  [0.956, 1.016]  [0.599, 0,97]  [0.991, 1.161]  [0.395, 1.294]  [1.003, 1.383] 
 
Figure  4  (borrowed  from  KM)  shows  percentage  changes  in  earnings 
versus net demands for the 48 skill cells in each period, fitting the regression line 
from  (9)  using  the  biased  demand  measure.  Results  confirm  the  evidence 
presented  in  Table  2,  and  offer  some  additional  information.  First,  the 
                                                 
8 First, we recover the estimate of the elasticity from the previous estimation and re-estimate (9) using the 
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performance of the model in the period 1978-88 is not completely satisfactory. 
During  that  period  there  were  large  changes  in  the  skill  composition  of  the 
population, especially in educational attainment and female participation rates. In 
addition, the economy went through a recession from 1981 to 84, followed by an 
adjustment program and recovery during 1986-88. During the 1991-94 period, 
the poor fit of the regression seems to be driven by outliers, calling for a more 
detailed look. 
Figure 4: Percentage Changes in Earnings and Net Demand By Skill Group. 
 
 




































Figure 4: Continuation 
 
 
Since the estimations may be contaminated by spurious components 
coming, for example, from technological progress or changes in the size of the 
economy (which most likely create linear trends within cells), we re-estimated (9) 
in second differences. The results suggest that changes in supply and demand 
for different skill levels are enough to explain shifts in earnings all along 1978-91, 
they do so in a weaker manner during 1991-94, and they fail to explain earnings 
changes in the second half of the 1990s. Earnings changes in this period are 
more likely explained by macroeconomic shocks and technical change. The latter 
is consistent with the difference in the estimation results between the raw and 
detrended series.    17 
 
We  next  look  in  more  detail  at  the  changes  in  earnings,  supply  and 
demand for the finer skill groups to gather information on what might be driving 
the developments in the later part of the 90s. Table 3 depicts changes in supply 
( S D ), in demand (equation 5), in net supply ( NS D ), and in the log of fixed weight 
earnings. The variables are computed as:  





























Table 3: Changes in Net Supplies and Earnings for Aggregate Levels of Skills 
                                 
78-88  88-91  91-94  94-96  Groups 
CS  CD  CNS  CW  CS  CD  CNS  CW  CS  CD  CNS  CW  CS  CD  CNS  CW 
Men  -0.07  -0.03  -0.04  -0.03  -0.03  0.00  -0.03  -0.07  0.00  0.02  -0.02  0.24  -0.01  0.00  -0.01  -0.10 
Women  0.12  0.04  0.09  0.04  0.05  0.00  0.05  -0.14  0.00  -0.03  0.03  0.28  0.01  0.00  0.02  -0.09 
Un  -1.34  -0.22  -1.09  0.20  -0.14  -0.04  -0.10  -0.10  0.02  -0.01  0.03  0.25  -0.30  -0.02  -0.28  -0.15 
Prim  -0.41  -0.05  -0.36  0.15  -0.12  -0.03  -0.10  -0.08  -0.05  0.00  -0.05  0.15  -0.04  -0.01  -0.04  -0.06 
Hsd  0.13  -0.03  0.17  0.03  -0.02  0.00  -0.03  -0.10  -0.04  0.00  -0.03  0.17  -0.01  -0.01  0.00  -0.11 
Hs  0.75  0.02  0.73  -0.06  0.10  0.02  0.08  -0.10  0.10  0.00  0.10  0.28  0.06  0.00  0.06  -0.19 
Cd  0.73  0.09  0.65  0.05  0.15  0.02  0.12  -0.16  -0.09  0.00  -0.08  0.32  0.07  0.01  0.06  -0.14 
C+  1.06  0.16  0.91  -0.12  0.14  0.02  0.12  -0.06  0.06  0.02  0.04  0.33  -0.01  0.03  -0.04  -0.04 
0-5  -0.05  0.01  -0.06  0.00  -0.07  -0.02  -0.06  -0.04  -0.03  0.01  -0.04  0.20  -0.03  -0.03  0.01  0.00 
5-10  0.14  0.00  0.14  -0.07  -0.05  0.00  -0.05  -0.07  -0.05  0.01  -0.06  0.24  -0.04  -0.02  -0.02  -0.05 
10-25  0.14  0.00  0.14  -0.01  0.06  0.00  0.06  -0.09  0.03  0.00  0.03  0.27  -0.01  0.01  -0.02  -0.16 
25+  -0.22  -0.01  -0.21  0.03  -0.01  0.01  -0.02  -0.12  0.01  -0.01  0.02  1.26  0.06  0.02  0.03  -0.07 
Men                                 
Un  -1.47  -0.16  -1.30  0.11  -0.12  0.00  -0.11  0.01  0.12  0.00  0.12  0.18  -0.36  -0.01  -0.34  -0.20 
Prim  -0.50  -0.09  -0.41  0.12  -0.13  0.00  -0.12  -0.06  -0.03  0.02  -0.05  0.14  -0.06  0.00  -0.06  -0.06 
Hsd  0.13  -0.06  0.19  0.02  -0.07  0.00  -0.07  -0.09  -0.02  0.01  -0.04  0.18  -0.02  -0.01  -0.01  -0.12 
Hs  0.74  0.00  0.74  -0.07  0.10  0.01  0.09  -0.08  0.08  0.01  0.07  0.28  0.07  0.00  0.07  -0.18 
Cd  0.69  0.07  0.62  0.07  0.04  0.01  0.03  -0.17  -0.02  0.01  -0.03  0.18  0.05  0.01  0.04  0.01 
C+  0.82  0.18  0.66  -0.17  0.10  0.00  0.10  -0.02  -0.02  0.04  -0.06  0.34  -0.01  0.03  -0.04  -0.09 
Women                                 
Un  -1.19  -0.31  -0.82  0.34  -0.16  -0.08  -0.07  -0.28  -0.12  -0.03  -0.08  0.38  -0.22  -0.03  -0.19  -0.09 
Prim  -0.25  0.02  -0.26  0.25  -0.12  -0.07  -0.05  -0.11  -0.07  -0.04  -0.03  0.19  -0.01  -0.02  0.01  -0.05 
Hsd  0.15  0.02  0.13  0.06  0.06  0.01  0.05  -0.13  -0.06  -0.03  -0.02  0.14  0.00  -0.01  0.01  -0.07 
Hs  0.77  0.05  0.72  -0.05  0.11  0.04  0.07  -0.13  0.13  -0.02  0.15  0.28  0.05  0.00  0.05  -0.20 
Cd  0.78  0.11  0.68  0.00  0.27  0.04  0.23  -0.15  -0.15  -0.02  -0.14  0.53  0.10  0.01  0.09  -0.35 
C+  1.68  0.14  1.54  -0.02  0.21  0.04  0.17  -0.16  0.17  -0.01  0.18  0.30  -0.02  0.04  -0.05  0.09 
 
Supply  of  college-educated  workers  grew  over  the  whole  period, 
especially  among  women,  while  that  of  uneducated  and  primary  individuals 
shrank. One point that will be crucial later is that the bulk of these shifts occurred 
between 1978 and 88. The changes in earnings and in net supply for educational 
groups agree with the model in all cases (i.e. the relationship is negative), except   18 
for  college  and  high  school  dropouts  (weakly  for  the  latter).  Demand  for 
uneducated and primary individuals fell over the entire period, but the reduction 
in supply was so sharp that their earnings grew by 30%. Demand growth for high 
school workers was sluggish all along 1978-98, combined with a huge increase 
in their supply. Thus, their earnings fall is explained. Finally, college individuals 
enjoyed growing demand in every period that accumulated to more than 31%. 
However,  this  was  not  enough  to  offset  the  rise  in  supply  and  their  earnings 
increased by 0.13 log points, despite growth in net supply of more than 130%. 
For  the  1990s,  we  can  reproduce  these  comments.  The  negative  association 
between net supply and earnings for educational groups is exact among men 
(except college), while among women it does not hold for high school, college 
dropouts, and college. Earnings of female workers increased all along the  20 
years,  despite  growth  in  their  net  supply.  Hence,  we  have  two  unexplained 
phenomena: the growth in earnings of college educated individuals and women, 
which took place even when net supply was growing fast. 
 
Up to now, the demand index (5) has been computed with j indexing 165 
industry-occupation cells, reflecting the shift in demand for different skill-levels 
occurring between cells due to changes in the skill composition of the economy. 
If we redefine the cells, letting j index only the 33 industrial sectors and calculate 
(5) again, we can compute the difference between the two measures, which 
gives an estimate of the demand shift that occurs within industrial sectors and 
between occupations (the “within” demand shift index, presented in Table 4).  
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Table 4: Relative Demand Shifts for Aggregate Groups 
             
91-98  78-98  Groups 
Bet  Within  Tot  Bet  Within  Tot 
Men  0.1%  0.0%  0.1%  -2.7%  0.3%  -2.4% 
Women  -0.1%  -0.5%  -0.6%  4.3%  -1.5%  2.8% 
Un  -1.2%  -0.8%  -2.0%  -13.8%  -14.3%  -28.1% 
Prim  -1.8%  -0.4%  -2.2%  -6.7%  -3.4%  -10.1% 
Hsd  -2.7%  -1.7%  -4.4%  -1.8%  -5.3%  -7.1% 
Hs  0.3%  -0.6%  -0.2%  4.5%  0.1%  4.6% 
Cd  5.1%  0.5%  5.7%  10.0%  7.6%  17.6% 
C+  8.1%  4.4%  12.5%  12.9%  17.7%  30.6% 
0-5  1.0%  -3.2%  -2.2%  3.1%  -6.3%  -3.1% 
5-10  0.2%  2.3%  -2.0%  2.0%  -4.1%  2.2% 
10-25  0.1%  0.0%  0.1%  0.7%  -0.4%  0.2% 
25+  -0.8%  2.7%  1.9%  -4.0%  5.65  1.6% 
Men             
Un  -1.6%  1.5%  -0.1%  -23.7%  7.4%  -16.3% 
Prim  -1.2%  -0.2%  -1.4%  -9.3%  -1.7%  -11.0% 
Hsd  -1.9%  -1.9%  -3.8%  -3.01%  -6.5%  -9.6% 
Hs  -0.2%  -0.4%  -0.6%  1.3%  -0.4%  0.8% 
Cd  4.5%  0.9%  5.3%  7.6%  5.6%  13.2% 
C+  7.6%  5.4%  13.0%  11.7%  19.7%  31.4% 
Women             
Un  -0.7%  -3.7%  -4.4%  -0.8%  -42.8%  -43.6% 
Prim  -2.8%  -0.8%  -3.6%  -2.1%  -6.4%  -8.5% 
Hsd  -4.2%  -1.2%  -5.4%  0.7%  -3.3%  -2.7% 
Hs  1.1%  -0.8%  0.2%  8.6%  0.7%  9.3% 
Cd  5.8%  0.2%  6.0%  12.8%  9.8%  22.6% 
C+  8.7%  2.9%  11.7%  14.8%  14.7%  29.5% 
 
The total measure shows that the rate of growth of demand for the more 
educated workers decreased from 1988 to 1994 and accelerated again during 
the second half of the 1990s. Demand for college educated workers increased by 
30% during the entire period, and 12.5% during the 1990s, mainly driven by the 
within  component.  Their  demand  came  from  within  the  sectors  in  which  they 
were already employed, shifting them between occupations, suggesting a factor 
biased  technological  change  favoring  high  levels  of  education.  High  school 
individuals endured sluggish growth in demand from both components. Primary 
educated  workers  experienced  reduced  demand  mainly  from  the  between 
component. Uneducated individuals faced large reductions in demand during the 
earlier period. Demand favored women over men by 5 percentage points over 
the period. The between component was negative for men all along the 20 years, 
but it was compensated by positive within shifts. For women, the situation was   20 
the opposite: positive between changes offset by negative within shifts. Thus, 
demand for female workers increased because expanding sectors used women 
more  heavily  than  shrinking  ones,  but  declining  female  intensive  occupations 
partially offset this increase.  
 
Summarizing all the evidence up to know, there are two facts that remain 
unexplained:  the  increase  of  relative  earnings  for  higher  skill  groups  in  both 
genders, and the earnings increase for women as a whole. Additionally, in the 
initial exploration of the causes made above, it became clear that other factors, 
notably technical change, may be playing an important role. Thus, in the next 
sections the paper will explore this possibility along with the increased openness 
of the economy to explain these developments.  
 
Changes in Relative Demand Arising from International Trade Flows:  For this 
section, we rely on the factor content (FC) approach, which basically proposes 
that  imports  bring  into  the  recipient  country  the  workers  used  to  produce  the 
goods,  effectively  adding  them  to  the  native  supply,  while  exports  do  the 
opposite
9. This approach is a natural extension of the model used above. Trade-
induced  changes  in  endowments  for  different  levels  of  skill can  be computed 
using the same logic used to calculate changes in relative demand due to shifts 
in industrial composition. Skill coefficients in each sector are multiplied by net 
imports to obtain the change in labor demand for the particular level of skill that 
occurs due to actual trade flows. This is done at fixed wages and thus changes in 
                                                 
9 Detailed treatments of this statement are developed in Murphy and Welch, 1991; Cline, 97; Freeman, 98; 
Santamaría, 99; Deardorff and Staiger, 88 and Krugman, 95.   21 
earnings  do  not  affect  the  demand.  The  net  supply  of  workers  of  skill  level i 
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Where NM stands for net imports. STi is the net supply of workers of skill level i 
relative to the entire labor force, normalized in each year to one. Results of 
applying (11) are shown in Table 5.  
Table 5: Implicit Supply in International Trade Flows  












































Primary  1.31%  1.97%  0.35%  3.59%  2.84%  3.43% 
Hs dropouts  2.79%  2.90%  1.20%  4.86%  3.77%  4.46% 
Hs  2.24%  2.44%  1.43%  3.84%  2.98%  3.40% 
Some College  0.58%  0.73%  0.51%  1.07%  0.84%  0.92% 
College +  0.78%  1.08%  0.84%  1.57%  1.23%  1.34% 
 
The implicit supply of workers of all types has always been positive, i.e. 
Colombia has been a net importer of workers in the last 20 years. Implicit supply 
increased for every skill group between 1991 and 94, with an aggregate increase 
greater than 200%. Now, we compute relative demand shifts due to international 
trade.  The  measure  used  was  proposed  by  Murphy  and  Welch  (1991)  and 
developed by KM. 


































  (12)  
There are three differences between (11) and (12). First, (11) is divided by 
the average share of skill level i over the entire period to make the index reflect 
the change in demand relative to the distribution of employment in the base year.   22 
Second, (11) is multiplied by minus one to turn it into a demand measure. Finally, 
the second term on the r.h.s., which corresponds to the weighted overall trade 
deficit (the weights being sectoral employment distributions) is added, turning the 
index into a relative one. Calculations of equation (12) are in Table 6 and show 
that demand shifts are in the right direction to explain earnings changes.  
 
Table 6: International Trade Demand Shifts  





























Women  0.23  0.27  0.36  0.43  0.34  0.35 
             
Uneducated  0.38  0.35  0.22  0.50  0.40  0.51 
Primary  0.12  0.12  0.13  0.16  0.12  0.14 
Hs dropouts  -0.11  -0.09  -0.02  -0.17  -0.13  -0.19 
Hs  -0.10  -0.10  -0.10  -0.13  -0.10  -0.12 
Some College  -0.02  -0.05  -0.12  -0.01  -0.01  0.03 
College +  0.01  -0.03  -0.13  0.03  0.02  0.07 
 
However, these shifts are too small to counteract the changes in supplies 
even in 1994, when the measure increased for all groups. We conclude, then, 
that  demand  shifts  induced  by  trade  flows  have  not  affected  significantly  the 
earnings for the different levels of skill, although they have contributed to a small 
extent to the widening of the educational wage differentials. 
 
Trade, Technology and Education: In this section, we explore the relationship 
between technology, education and relative earnings on one hand, and trade, 
education and relative earnings on the other. For the former, we need a simple 
method to test the presence of factor biased technical change. This method must 
be flexible enough to allow for different factors of production to be affected in 
diverse ways by technical change. For the latter, the model should incorporate   23 
the  interaction  between  relative  supplies  and  earnings.  The  model  used  was 
proposed by Murphy, Riddell and Romer (1998, MRR hereafter). Production is 
assumed to be Cobb-Douglas with two inputs, capital (K) and labor (B). The latter 
is partitioned into skilled (H) and unskilled (L) with a CES aggregator. Thus, 
( ) ( ) ( ) ( ) [ ]g g g l l
1
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Through  the  functions  A(.)  and  B(.)  the  productivity  of  both  types  of  labor  is 
affected differently by technological progress. Using the first order conditions for 
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Following  MRR,  we  impose  the  restriction  on  (15)  that  the  growth  of  the 
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for some constant g. If ggt is different from zero, technical change affects each 
labor  type  differently.  Thus,  relative  marginal  productivities  change  over  time, 
causing  variations  in  relative  returns.  When  imposing  restriction  (16)  we  are 
testing the hypothesis that technical progress increases the productivity of one 
type of labor more than the other’s in a constant fashion overtime, which is fully 
compatible with the evidence found when analyzing demand shifts. To estimate 
(16) the fixed weight  log earnings  differential between  highly  (college  degree) 
and  low  educated  workers  (6-11  years)  is  used in  the  l.h.s.  The  results  from 
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      (16a) 
Predicted and actual values are plotted in Figure 5, where we see that 
(16) explains well the variation of the earnings differential, except for the periods 
1979-82, 88-90 and the last year (1997-98). Thus, changes in relative supplies 
combined  with  constant  growth  in  productivity  differentials  explain  the  rise  in 
relative earnings for most of the period.  
Figure 5: Actual vs Predicted College-High School Earnings Differentials 
 
 
Figure  6  plots  the  trend  of  the  relative  earnings  series  against  the 
observed differentials. Two points are worth noting. First, the periods that require 
more attention are 1979-82 and 1991-93, when the actual differential deviated 
from  the  trend  downwards  and  upwards,  respectively.  Second,  from  1983  to 
1990 the slopes of these curves are very  close. These facts call for a closer 
examination of the time path of g(t).  Note that (15) implies that   g(t)= gA(t)- gB(t) 














































Figure 6: College-High School Differential vs Trend 
 
 
The results given in expression (16a) imply a value for the elasticity of 
substitution between college and high school workers of 1.476, used to compute 
the implied time path of g(t) according to equation (17), along with hypothetical 
values of 1.3, 1.65 and 3. In Figure 7 we plot these paths accompanied by trend 
lines coming from regressions of each g(t) on time. The slopes of the actual g(.) 
and the trend are very close. The implied paths of g(t) fit a straight line almost 
perfectly,  which  suggests  the  existence  of  a  technological  process  that  is 
augmenting linearly the productivity of college labor more rapidly than that of high 
school individuals. The computed trends imply a yearly simple average growth of 
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Figure 7: Time Path of g(t) and Trends 
 
 
Figure  8  depicts  actual  and  detrended  changes  in  relative  supplies  of 
college versus high school workers, which grew at an average rate of 3.8% per 
year. What is important is that the detrended series began to fall in 1983, and 
especially  after  1990,  to  recover  in  1996.  These  facts,  combined  with  the 
evidence  found  before  regarding  the  behavior  over  time  of  the  function  g(t) 
provide  a  compact  explanation  of  the  behavior  of  the  college-high  school 
earnings differential. That is, the estimation of equation (16) showed that we are 
under-predicting  the  growth  of  the  differential  during  1979-80  and  1991-1993, 
which are precisely the periods for which we observe the function g(t) growing 
faster, and the relative supplies growing slower than average. The period 1982-
1988, when the changes in the differential are perfectly predicted, corresponds to 
an interval of close-to-average movements in both g(t) and relative supply. Thus, 
we  have  a  situation  in  which  technical  change  is  increasing  the  demand  for 
skilled labor consistently over time, combined with supply stagnating. The result 
was  a  growing  earnings  differential  between  skilled  and  less  skilled  workers. 
Note that this process started between 1982 and 1984. 
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Figure 8: Relative Supply of College vs High School 
 
 
That is, changes in relative supplies combined with an almost constant 
rate of increase in the skill bias of technology towards high education fit the data 
well, allowing us to explain the rise in relative earnings of that group of workers. 
These results are fully compatible with the ones of the previous section regarding 
relative demand shifts (“within” component) and the inability of a simple supply-
demand framework to explain the increase in college workers’ earnings.  
 
To  analyze  in  more  detail  the  effect  of  trade  on  relative  earnings,  we 
compute the supplies of college and high school workers implicit in trade flows 
according to equation (11), and then add these implicit supplies to the actual 
supply  series. We  then  calculate  new  relative  quantity  series  and  re-estimate 
equation (16).  Table 7 summarizes the changes in total and relative supplies 
induced by trade flows. In the first column we find the adjusted total supply of 
workers  with  the  domestic  labor  force  normalized  to  one.  The  effects  of  the 
opening of the economy can be detected in 1993 when the adjusted supply went 
from 1.086 to 1.132.  
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Table 7: Changes in Relative Supplies Due to Trade Flows 
Year  Trade adj. 
supply  
True coll / High S  True adj 









78  1.076  0.118  0.123 
79  1.105  0.147  0.152 
80  1.142  0.168  0.170 
81  1.149  0.176  0.177 
82  1.147  0.189  0.188 
83  1.154  0.184  0.181 
84  1.121  0.195  0.191 
85  1.084  0.202  0.200 
86  1.074  0.204  0.201 
87  1.073  0.204  0.202 
88  1.096  0.213  0.211 
89  1.075  0.249  0.245 
90  1.095  0.234  0.230 
91  1.065  0.237  0.236 
92  1.086  0.243  0.238 
93  1.132  0.235  0.228 
94  1.151  0.245  0.235 
95  1.167  0.223  0.216 
96  1.118  0.236  0.229 
97  1.139  0.294  0.277 
98  1.137  0.342  0.318 
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These results show the same time trend and a greater negative effect of 
the quantity variable. Table 8 shows the time path of the two series of predicted 
values  and  the  percentage  changes  in  the  college-high  school  earnings 
differential. The adjusted supply series moves the predicted values closer to the 
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78  1.0894  1.0854  14.3%  13.4% 
79  1.0040  1.0089  -7.8%  -7.0% 
80  0.9747  0.9757  -2.9%  -3.3% 
81  0.9828  0.9810  0.8%  0.5% 
82  0.9796  0.9752  -0.3%  -0.6% 
83  1.0261  1.0177  4.7%  4.4% 
84  1.0275  1.0195  0.1%  0.2% 
85  1.0307  1.0307  0.3%  1.1% 
86  1.0556  1.0545  2.4%  2.3% 
87  1.0814  1.0826  2.4%  2.7% 
88  1.0883  1.0923  0.6%  0.9% 
89  1.0386  1.0452  -4.6%  -4.3% 
90  1.1003  1.1049  5.9%  5.7% 
91  1.1151  1.1272  1.3%  2.0% 
92  1.1377  1.1435  2.0%  1.4% 
93  1.2388  1.2312  8.9%  7.7% 
94  1.2017  1.1973  -3.0%  -2.8% 
95  1.2747  1.2698  6.1%  6.1% 
96  1.2713  1.2722  -0.3%  0.2% 
97  1.1998  1.1954  -5.6%  -6.0% 
98  1.1555  1.1522  -3.7%  -3.6% 
 
The  accumulated  growth  in  the  actual  differential  during  this  two-year 
period  was  24.9%,  while  equation  (16)  estimated  with  the  unadjusted  supply 
series  predicted  an  increase  of  7.6%.  If  we  instead  estimate  (16)  with  the 
adjusted series the predicted rise of the differential is of 9%. Hence, the growth of 
net imports is responsible for approximately 5.6% of the increase in the college-
high school differential (5.6=(9-7.6)/24.9). This is consistent with the conservative 
estimates made for the US (Borjas, Freeman and Katz, 1992 and 1998).  
 
In  conclusion,  the  inclusion  of  technical  change,  and  to  a  much  lesser 
extent trade, permitted us to explain the increase of the returns to higher levels of 
skill. Earnings for women, on the other hand, are explored in the next section. 
 
Gender:    Relative  demand  shifts  coming  both  from  changes  in  the  industrial   30 
composition of the economy, and from external trade flows display the right signs 
to explain the earnings gain for women, but once female supply is taken into 
account these are not enough to explain the observed changes in their relative 
earnings. Technical change cannot be considered as a factor to explain such 
changes due to the evidence offered by the within component of demand shifts. 
We  argue  that  gains  experienced  by  women  are  due  to  a  reduction  in  labor 
market  discrimination,  and  estimate  a  reduced  form  equation  to  test  this 
hypothesis as follows: 
) ( ), ( f female m male i for x y i i i i = + = e b     (19) 
where  y  is  the  log  earnings,  x  is  a  matrix  of  personal  characteristics 
including education, experience, hours worked, sectoral affiliation, dummies for 
age groups and city of residence and profession, and  b is a vector of parameters 
that measures the “prices” paid for those endowments to men and women. After 
estimating (19) for both genders separately, two wages for women are predicted 
according to the following equations: 
f m f f f f x m y x y b b ˆ ˆ ˆ ˆ , = =           (19a, 19b) 
The first of these quantities (yf) simply measures the earnings for women 
as if the variables included in x were able to account for the entire variation of 
female  earnings,  while  the  second  (ymf)  constitutes  a  counterfactual  wage 
measure for women, displaying how much they would earn if they were paid at 
men’s prices. The difference between these two quantities can be interpreted as 
discrimination  in  the  sense  that  for  the  same  observables  we  detect  different 
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be regarded with caution since at least two factors may affect the disparity: (i) 
unobservables; and (ii) since the measure used in this paper for experience is 
potential and women tend to accumulate less actual experience than men, the 
differential may be overstated.  
 
Figure 9 depicts the difference between these two predicted earnings values 
along the female’s earnings support. The discrimination component, as defined 
here, decreased all along the earnings range. The “discrimination profile” went 
from having a steep negative slope along the initial 50%, to a practically flat line 
around  20%.  This  evidence  lends  support  to  lower  discrimination  rates  for 
women. 




DECOMPOSITION OF CHANGES IN THE DISTRIBUTION OF INCOME 
 
In this section we carry out an exercise in which we isolate and quantify 
the contribution of single factors to changes in the distribution of labor income 
over time, holding other variables constant. That is, we construct counterfactual 
distributions to answer questions such as “how would the distribution of income   32 
have looked at time t had some factor x remained at its t-1 level, and workers 
had been paid according to the time t earnings schedule?”
11. We start with the 



















1 ˆ           (20) 
The variables h and n are the bandwidth and the number of observations, and wi 
is the (re)weighting function, which is the product of two elements: ui and Ri. The 
first  of  these  is  just  the  sampling  weight,  but  the  second  is  the  key  to  the 
procedure. Suppose income and personal characteristics have a joint probability 
distribution. Each individual can be regarded as a vector x=(y, z) consisting of 
income  and  another  vector  z  of  personal  characteristics,  indexed  by  time. 
Partition z into two components, r and v, where r is any individual element of z, 
and v is the rest of the elements of z. We want to decompose the change in f(.) 
between two dates t=1 and t=2, in which the actual densities are given by (20) 
with Ri=1 for all i. Since ) ( ) | ( ) , ( x f x y f x y f = , we can express the actual density 
at time 2 as: 
￿￿ = = = = = = = drdv t v f t v r f t v r y f t t t y f v v r y v v r y ) 2 | ( ) 2 , | ( ) 2 , , | ( ) 2 , 2 , 2 | ( | |   (21)  
The  l.h.s  tells  us  that  the  observed  density  in  time  2  depends  on  the 
income  schedule  at  that  time  (ty),  the  distribution  of  the  attribute  r  given  the 
particular realizations of the other attributes contained in z (tr|v), and finally on the 
distribution  of  the  latter  (tv).  We  seek  the  distribution  that  would  have  been 
observed at time 2 if the distribution of r given v had remained as it was in t=1 
                                                 
11 This exercise uses the methodology proposed by DiNardo, Fortin and Lemieux (1996, DFL hereafter).   33 
and  people  were  paid  as  they  were  in  t=2.  Hence,  we  are  looking  for 
) 2 , 1 , 2 | ( | = = = v v r y t t t y f . From (21) we have 
   = = = = = = = = ￿￿ drdv t v f t v r f t v r y f t t t y f v v y v v r y ) 2 | ( ) 1 , | ( ) 2 , , | ( ) 2 , 1 , 2 | ( |    
￿￿ = = = = drdv t v f t v r f v r R t v r y f v v r v r y ) 2 | ( ) 2 , | ( ) , ( ) 2 , , | ( | | (21a) 
for  ) 2 , | ( ) 1 , | ( ) , ( | | | = = = v r v r v r t v r f t v r f v r R         (22) 
If we can estimate (22), then we can compute the counterfactual density 
for  characteristic  r.  The  function  defined  in  (22)  measures  the  ratio  of  the 
probabilities  of  observing  r,  given  the  realizations  of  v  at  dates  t=1  and  t=2. 
Therefore, if r is a dichotomous variable  
) 2 , | 0 Pr(
) 1 , | 0 Pr(
) 1 (
) 2 , | 1 Pr(





















r v r R    (22a) 
Equation (22a) is the relationship that we use to measure the contribution 
of  attribute  r  to  the  observed  change  in  the  densities.  Once  the  first 
counterfactual density is constructed, we can pick other elements of v and carry 
out sequential decompositions. Once this sequential exercise is over, we want to 
measure the effect of the remaining elements of v as whole. That is, we seek the 
density  ) 1 , 1 , 2 | ( | = = = v v r y t t t y f .  
￿￿ = = = = drdv t v f R t v r f R t v r y f v v v r v r y ) 2 | ( ) 2 , | ( ) 2 , , | ( | |  
for  ) 2 | ( ) 1 | ( ) ( = = = v v v t v f t v f v R           (23) 
Applying Bayes’ rule to (23) we get 
) 1 Pr(
) 2 Pr(
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v R ,           (23a)   34 
which measures the weighted probability of an observation falling in year 1 
or in year 2 given the characteristics of the workers. The weight is the ratio of 
unconditional probabilities of an observation belonging to either date. Finally we 
want to determine the effect that supply and demand factors had in the evolution 
of labor income inequality. Following DFL, we estimate the earnings shift for each 
skill  group  according  to  equation  (9),  subtract  this  quantity  from  the  actual 
earnings in time 2, and then estimate the density of these hypothetical earnings. 
We  estimate  (9)  in  second  differences  to  eliminate  cell-specific  effects.  The 
supply-demand counterfactual is   
) 1 , 1 , 2 | ( ) 1 , 1 , 1 , 1 , 2 | ( | | = = = D - = = = = = = v v r y v v r y t t t y y f d s t t t y f   (24) 
where  y D stands  for  the  estimated  shift  in  earnings  for  each  cell.  The 
vector z consists of years of education, experience, gender, occupation, city of 
residence,  number  of  years  there,  marital  status,  profession,  hours  worked, 
trade, and type of job (temporary/permanent). To estimate Rv(r,v) we fit a logit 
model with the date as the dependent variable and a vector with the elements of 
v as the independent variable, and then compute the appropriate fraction. The 
ratio of unconditional probabilities is the ratio of the number of observations in 
both periods.  
 
Results: The first decomposition isolates the contribution of trade to the 
changes  in  the  distribution  of  earnings.  We  assume  that  the  distribution  of 
workers  across  the  net  import  penetration  levels  is  a  random  variable  that 
covaries with labor income.  
   35 
The import coefficient was turned into a dichotomous variable taking on 
the values 1 if the individual worked in a sector in which the net import coefficient 
was greater or equal than 0.1 and 0 otherwise. Then we fitted a logit equation of 
this  variable  on  dummies  for  the  48  skill  groups,  years  of  education  and 
experience within these groups, a quartic in experience, occupation, type of job, 
city and years of residence, hours worked and profession. This estimation gives 
us the probability for each observation of belonging to a high importing sector in 
date  1,  given  its  individual  characteristics.  With  these  probabilities  we 
constructed the reweighting function  ) , ( | v r R v r  to estimate the trade counterfactual 
density for date 2. With the same covariates we estimated the probability of being 
in either date 1 or 2 and computed the function  (.) v R  and the reweighting function 
v v r R R R | (.) = . Finally, the supply and demand counterfactual was computed. We 
undertook decompositions for the 15 possible combinations of the 6 years of the 
data,  but  report  results  graphically  only  for  1988-94,  which  spans  the  trade 
reform. 
 
Figure 10 shows, in the first panel, the two actual densities for dates 1 and 
2. The second shows the actual density for date 2 and the trade counterfactual, 
while  the  third  displays  the  trade  counterfactual  density  and  the  personal 
attributes one. The fourth shows the personal attributes counterfactual and the 
supply-demand density. The last panel depicts this density and the actual one for 
date 1 (the residual). Thus, if the elements of z were able to account for the 
entire change, this last panel would show two identical functions.  
   36 
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Changes in the density of labor income induced by the increased level of 
net imports were concentrated in the left and right tails of the density, and along 
50-90
th  percentiles  of  the  original  distribution.  The  figure  suggests  that  higher 
levels of net imports made the distribution more equal, not less so as it is widely 
believed. Supply and demand factors probably worsened the overall distribution 
in this period. For the period 1994-96, trade had similar effects to those observed 
over  1988-94.  The  contribution  of  supply  and  demand  factors  was  practically 
zero over this period. For the years 1996-98 the contributions made by trade and 
personal characteristics were very small. 
Figure 10: Decomposition of Changes in Density Functions, 1988-94 
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The increased level of net imports of the 1990s reduced inequality because it 
favored the poorest segments of the distribution, whereas supply and demand 
factors generally increased inequality. We performed several robustness tests for 
the  exercise  just  discussed.  One  consisted  of  inverting  the  order  of  the 
decomposition.  We  started  with  supply  and  demand,  continued  with  personal 
attributes excluding trade, and finished with the latter. Results were robust to the 
order of the decomposition, but the contributions made by supply-demand and 
trade were slightly lower in every period when the reverse order was applied. 
Other checks were carried out: (i) changing and combining the variables in v; (ii) 
alternative estimation methodologies for the reweighting functions; (iii) repeat the 
main exercise for hourly wages. Estimations proved robust. 
 
Since  the  decomposition  showed  that  personal  attributes  and  supply-
demand for different skill levels were not able to account for most of the changes   38 
in  the  distribution  of  earnings  after  1996,  the  increase  in  inequality  may  be 
partially explained by factors that lie outside the labor market. The presence of 
factor  biased  technical  change  favoring  the  more  skilled  was  shown  in  the 
previous  section  to  be  the  main  factor  lying  behind  their  relative  earnings 
performance,  which  combined  with  macroeconomic  shocks  that  affect  the 
earnings  and  employment  of  the  poorer  groups  may  be  responsible  for  the 
increase in inequality. We sought for a decomposition exercise that  would  be 
able to capture these effects.  
 
To  fulfill  this  objective,  a  more  detailed  sequential  decomposition  was 
carried  out  with  employment  as  the  first  step,  proxying  the  macroeconomic 
shocks. All active workers are incorporated to compute the probability of being 
employed at date 1, given the other personal attributes for each observation. This 
quantity is then used to calculate the function Rr|v. Next, we sequentially extract 
elements from v and compute reweighting functions based on the probabilities of 
these variables taking on one particular value at date 1. The r variables chosen 
are, after employment, trade, education (12 or more years=1), occupation (self-
employed=1) and gender. Then, with the remaining elements of v we calculate 
the personal attributes and supply-demand counterfactuals
12.  
 
From the estimated densities  we  computed  the  Gini  coefficient  (g)  and 
several log percentile differentials, quantifying the contribution of each factor in 
isolation, and keeping the nonparametric nature of the procedure. The results of 
                                                 
12 For this exercise, we are assuming that wages and employment have a joint probability distribution. Under 
this assumption we view unemployment as excess supply of workers that tends to drive earnings down   39 
this  exercise  are  presented  in  Table  9  for  the  periods  1988-94,  1994-96  and 
1996-98. Each cell contains the change in the relevant measure between the two 
densities involved. Below this number the percentage contribution of the factor to 
the  overall  change  can  be  found.  The  last  column  adds  up  the  individual 
contributions. 
 
Inequality rose along every segment of the distribution over 1988-94. The 





th differentials, respectively. The factors that increased 
inequality were education, occupation and supply and demand. Employment and 
trade  reduced  earnings  dispersion,  especially  in  the  tails  of  the  distribution. 
Education was the strongest unequalizing factor everywhere in the distribution, 
finding that accords with the results of Vélez, Bouillon and Kugler (1999) and 
Sánchez  and  Núñez  (1998,  1998a).  Occupation  during  this  period  was 
associated to a rise in inequality concentrated in the tails, pointing again to a shift 
of the highly educated and female labor towards highly paid occupations, such as 
white collar, and away from low paid ones such as domestic service. Regarding 
the  gender  variable,  the  shift  to  a larger share  of female labor  contributed  to 
reduce inequality. The remaining personal attributes significantly reduced the 90-
10
th  differential.  Finally,  the  interaction  of  supply  and  demand  for  skills  had 
unequalizing effects on earnings.  
 
In  the  next  period  (1994-96),  Table  8  shows  that  the  decomposition 
exercise  predicts  increases  in  inequality,  irrespective  of  the  measure  used.   40 
However,  the  data  displays  the  Gini  coefficient  and  75
th-25
th  differential 
decreasing and only the 90
th-10
th growing significantly. Occupation and supply-
demand did not play any role in this period, while employment, trade and gender 
reduced  inequality.  Education  and  personal  attributes  contributed  to  increase 
inequality. 
Table 9: Decomposition of Changes in Earnings Distribution 
1988-94 
Statistic  Actual  Emp  Trade  Educ  Occup  Gender  p.a  s/d  Total 
Gini  0.074  -0.036  -0.009  0.054  0.021  -0.011  0.008  0.038  0.066 
% cont  100.0%  47.9%  -11.5%  72.2%  28.4%  -15.0%  10.7%  51.8%  88.5% 
90-10  0.076  -0.186  -0.426  0.469  0.196  -0.044  -0.065  0.153  0.098 
% cont  100.0%  -242.9%  -557.1%  614.3%  257.1%  -57.1%  -85.7%  200.0%  128.6% 
75-25  0.186  -0.218  0.011  0.251  -0.076  0.011  -0.011  0.164  0.131 
% cont  100.0%  -117.6%  5.9%  135.3%  -41.2%  5.9%  -5.9%  88.2%  70.6% 
1994-96 
Statistic  Actual  Emp  Trade  Educ  Occup  Gender  p.a  s/d  Total 
Gini  -0.033  -0.019  -0.027  0.112  -0.012  -0.012  0.021  0.004  0.067 
% cont  100.0%  58.6%  82.4%  -345.2%  37.4%  36.8%  -64.1%  -12.8%  -206.8% 
90-10  0.099  -0.154  -0.242  0.474  0.022  -0.066  0.154  -0.011  0.176 
% cont  100.0%  -155.6%  -244.4%  477.8%  22.2%  -66.7%  155.6%  -11.1%  177.8% 
75-25  -0.033  -0.264  0.044  0.397  0.000  -0.033  0.044  0.000  0.187 
% cont  100.0%  800.0%  -133.3%  1200.0%  0.0%  100.0%  -133.3%  0.0%  -566.7% 
1996-98 
Statistic  Actual  Emp  Trade  Educ  Occup  Gender  p.a  s/d  Total 
Gini  0.041  -0.011  -0.031  0.103  0.012  -0.007  0.009  0.000  0.076 
% cont  100.0%  -26.1%  -76.2%  251.2%  30.4%  -17.1%  22.7%  -0.07%  184.3% 
90-10  0.215  -0.108  -0.343  0.421  0.186  0.029  0.000  0.010  0.176 
% cont  100.0%  -50.0%  -159.1%  195.5%  86.4%  13.6%  0.0%  -4.5%  81.8% 
75-25  0.078  -0.245  -0.020  0.440  -0.039  0.010  0.000  0.010  0.157 
% cont  100.0%  312.5%  -25.0%  562.5%  -50.0%  12.5%  0.0%  12.5%  200.0% 
 
The final period (1996-98) is one of increasing inequality for all measures. 
The decomposition picks up this pattern correctly, and over explains the increase 
of the Gini and of the 75
th-25
th differential, while it accounts for more than 81% of 
the  rise  of  the  90
th-10
th  differential.  The  equalizing  effect  of  employment  and 
trade is weaker, which results from unemployment increasing more in this period 
for the highly educated. The unequalizing effect of education was weaker as well, 
reflecting the increase in the growth rate of the supply of college individuals that 
started in 1995. Occupation again displayed unequalizing effects, except for the   41 
75
th-25
th  differential.  Personal  attributes  and  supply-demand  had  negligible 
effects.  
 
In  summary,  the  effect  of  employment  on  inequality  was  always 
equalizing,  capturing  the  fact  that  demand  for  labor  in  Colombia  is  becoming 
everyday  more  skill  oriented  and  the  supply  of  intermediate  education  keeps 
growing at a very fast pace. Also, trade did not have the adverse effects on the 
distribution of labor income that it is associated with. This finding is consistent 
with the way imports increase demand for uneducated workers, while reducing it 
for high school workers (although it exerted a small unequalizing effect on the 
college-high  school  earnings  differential).  Even  using  different  methodologies, 
results  suggest  that  trade  lowered  inequality.  Finally,  the  evidence  regarding 
occupation gives support to the technical progress hypothesis.  
 
To  test  for  the  presence  of  factor  biased  technical  change,  we  run 
weighted regressions of the log of income on human capital variables plus city of 
residence and hours worked for each year (1988, 94, 96 and 98), and predicted 
earnings and  residuals for each year. The  key to the procedure  was that the 
weights  of  the  regression  where  the  reweighting  functions  R(.).  Thus,  this 
exercise  permits  us  to  study  the  effect  of  each  covariate  on  the  evolution  of 
observed  inequality  (measured  by  the  standard  deviation  of  predicted  log 
wages), and unobserved dispersion (standard deviation of log residuals), which 
may  be  thought  of  as  measuring  the  “between”  and  “within”  components  of   42 
inequality (Table 10). The second component is a good indicator of the presence 
of unobservable forces that affect earnings. 
Table 10: Decomposition Of Changes In Earnings Distribution 
1988-94 
Statistic  Actual  Emp  Trade  Educ  Occup  Gender  p.a  s/d  Total 
Sd wages  0.011  0.005  -0.026  0.072  -0.034  -0.018  0.023  0.058  0.080 
% cont  100.0%  46.2%  233.7%  640.9%  -301.1%  -162.9%  207.0%  516.5%  713.0% 
Sd resid  0.065  -0.001  0.018  -0.008  -0.013  0.004  -0.011  -0.001  -0.048 
% cont  100.0%  -0.8%  27.9%  -12.1%  -20.7%  5.9%  -17.0%  -0.8%  -73.3% 
Coll/rest  0.024  0.021  -0.018  0.174  -0.043  -0.062  -0.062  0.090  0.184 
% cont  100.0%  88.1%  -74.3%  719.5%  -177.9%  -257.7%  370.5%  758.4%  1426.8% 
1994-96 
Statistic  Actual  Emp  Trade  Educ  Occup  Gender  p.a  s/d  Total 
Sd wages  0.127  0.001  -0.083  -0.021  -0.066  0.022  -0.049  -0.003  -0.197 
% cont  100.0%  1.1%  -65.8%  -16.2%  -51.8%  17.4%  -38-4%  -2.2%  -155.8% 
Sd resid  0.068  -0.002  -0.034  -0.007  -0.024  0.001  -0.009  -0.001  -0.075 
% cont  100.0%  -3.1%  -49.5%  -9.6%  -35.0%  1.8%  -13.1%  -2.1%  -110.7% 
Coll/rest  -0.015  0.003  0.055  0.056  0.012  -0.008  0.019  -0.034  0.098 
% cont  100.0%  20.5%  -370.8%  -381.0%  -84.0%  54.2%  -129.0%  229.5%  -660.6% 
1996-98 
Statistic  Actual  Emp  Trade  Educ  Occup  Gender  p.a  s/d  Total 
Sd wages  0.089  0.021  -0.023  0.197  -0.056  -0.076  0.101  0.183  0.345 
% cont  100.0%  23.1%  -25.7%  220.7%  -63.4%  -85.9%  113.8%  205.2%  387.9% 
Sd resid  0.011  0.018  -0.074  0.245  -0.022  -0.072  0.124  0.269  0.488 
% cont  100.0%  162.7  -678.6%  2232.1%  -197.7%  -652.6%  1133.0%  2457.8%  4456.7% 
Coll/rest  0.028  0.009  -0.014  0.173  -0.009  -0.068  0.104  0.228  0.424 
% cont  100.0%  31.0%  -50.6%  6.22.9%  32.5%  -242.4%  373.2%  819.8%  1521.4% 
 
The first important point is that over the first and third time intervals both 
observable and residual inequality increased, while during 1994-96 the rise only 
occurred  in  observable  inequality,  which  is  consistent  with  the  evidence 
presented  earlier  regarding  technical  change.  More  importantly,  the 
decomposition exercise lacks any explaining power for the residual component of 
inequality,  except  in  the  period  1994-96.  Thus,  only  during  this  period  the 
variables used in the decomposition, which comprise practically all measurable 
factors, are able to account for the changes in unobservable inequality.  
 
The  equalizing  effect  of  employment  during  the  period  1988-96  was 
restricted to the residual component, meaning that observed inequality increased 
as a result of shifts in employment. Therefore, between 1996 and 1998 the way   43 
in which employment influenced the distribution of earnings changed as a result 
of the huge rise in the unemployment rate. The next point has to do with trade 
and its relation with educational differentials. This decomposition exercise gives 
additional evidence supporting the fact that trade contributed to the increase of 
the college-high school differential, for the former accounts for 44 and 59% of the 
increase  of  the  latter.  Regarding  education  we  see  that  its  shifts  increased 




The paper investigated the evolution of the distribution of labor earnings in 
Colombia.  We  confronted  the  problem  from  two  perspectives.  First,  using  a 
supply-demand framework for different skills to evaluate the role these played, 
and how they affected the distribution of labor earnings at different points in time. 
Second, using a semi-parametric technique to decompose changes in density 
functions over time to relate income to several demographical, skill and labor 
market factors. We also used it to quantify their effect on the evolution of that 
distribution along the entire income range.  
 
Equalizing developments were a reduction in the differential between the 
least educated and the college educated workers, an improvement of the relative 
position of younger entrants to the market, and earnings gains for women. On the 
negative side, we found a worsening of the position of intermediately educated 
individuals, and relative income gains for the more experienced workers during 
the  1990s.  Over  time,  1978-88  was  a  period  of  reduced  inequality  between   44 
groups, while after 1988 the opposite happened.  
 
The microeconomic model used provides a compact explanation for most 
of the changes, except for the rise in earnings of female workers. The interaction 
of supply and demand for skill fully explained the behavior of earnings for all 
educational groups, but the college one. The secular worsening of the relative 
position  of  the  intermediate  group  (high  school)  was  explained  completely  by 
poor demand performance combined to increases in relative supply. To account 
for  the  increase  in  earnings  of  highly  educated  workers  we  introduced  in  the 
model factor biased technical change, extending it to permit different factors to 
be affected in diverse ways by technical change. Results show that changes in 
relative supplies, combined with an almost constant rate of increase in the skill 
bias of technology towards highly educated workers, explain the rise in relative 
earnings  of  that  group  of  workers.  International  trade  was  shown  to  exert  an 
equalizing  effect  on  the  overall  distribution  of  labor  earnings,  because  the 
demand shifts induced by trade were such that demand for less skilled workers 
grew relative to that for more skilled individuals as imports increased. But the 
effect of this variable on the evolution of income inequality proved to be modest. 
Finally, most gains experienced by women seem to be due to a reduction in labor 
market discrimination. 
 
The  semiparametric  decomposition  exercises  carried  out  support  the 
above  conclusions,  but  suggest  two  additional  important  points.  First,  the 
unprecedented increase in unemployment that started in 1996 has contributed to   45 
reduce  inequality  because:  (i)  it  eliminated  low  paid  individuals  from  the 
distribution;  (ii)  demand  for  labor  became  more  skill  oriented;  and  (iii) 
unemployment affects in a stronger fashion high school workers. Second, shifts 
in education increased measured inequality and reduced unexplained dispersion, 
facts that highlight one of the main conclusions of the paper: the rate of growth of 
the relative supply of college educated individuals is less than the one needed.   46 
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